Background: State laws about pharmacists providing human papillomavirus (HPV) vaccines vary considerably, limiting many pharmacists' ability to provide this important cancer prevention service. We characterized physician and parent support for pharmacist-provided HPV vaccination for adolescents who are past due for vaccination.
Introduction
Human papillomavirus (HPV) is responsible for more than 31,000 new cancer cases each year in the United States (1) , but most of these cases are preventable by highly effective HPV vaccines first introduced in 2006. The U.S. Advisory Committee on Immunization Practices recommends routinely vaccinating all adolescents with HPV vaccine beginning at ages 11 to 12 and providing catch-up doses through age 21 for males and 26 for females (2) . As of 2016, only 50% of U.S. girls and 38% of boys ages 13 to 17 were up-to-date with the recommended HPV vaccine series (3) . These levels are well below the Healthy People 2020 goal of 80% for adolescents ages 13 to 15 (4) . To close this gap in HPV vaccine uptake, the President's Cancer Panel and the National Vaccine Advisory Committee have recommended including pharmacies as a site for HPV vaccination (5, 6) . Pharmacies can play a meaningful role in increasing opportunities for HPV vaccination for adolescents, as 93% of U.S. residents live within five miles of a community pharmacy (7) , and make around 250 million visits to pharmacies each week (8) . Currently, 50 states and U.S. territories allow pharmacists to administer HPV vaccine, but the level of autonomy pharmacists have to vaccinate age-eligible adolescents varies greatly (9) . For instance, pharmacy practice laws may restrict vaccination practices to certain ages (9) or by the mechanism by which pharmacists can administer HPV vaccine (e.g., independent authority, standing order protocol, or by prescription only; ref. 10) . A recent study found close to 30% of parents would get their adolescent children HPV vaccine at pharmacies (11) , implying parents and potentially other stakeholders like primary care physicians (PCPs) may be open to pharmacist-provided HPV vaccinations for adolescents.
The current literature around pharmacist-provided HPV vaccination does not clearly address (i) the level of support parents and physicians have for pharmacist-provided HPV vaccination; (ii) under what conditions these stakeholders would likely support pharmacist-provided HPV vaccination; nor (iii) what PCPs believe to be benefits and concerns of pharmacists taking a more central role in HPV vaccination for adolescents. The purpose of this study is to better characterize physicians' and parents' views on pharmacist-provided HPV vaccinations to adolescents who are past due for vaccination, defined as adolescents who are age 13 years or older and have not started or not completed the HPV vaccine series. Our study focused on adolescents who are past due because they had not completed the HPV vaccine series by age 12. Studies suggest that a larger percentage of older adolescents do not routinely attend preventive health care visits with PCPs (12) (13) (14) , making it likely more difficult to provide opportunities to catch-up older adolescents with HPV vaccination. Pharmacy-located vaccination presents advantages for older adolescents over vaccination in traditional medical settings given pharmacies' convenient locations within communities (15) (16) (17) , longer operating hours (15) , and ability to administer vaccines with no appointment and short wait times (16) . Empirical findings from national studies of PCPs and parents can help illuminate perceived benefits of and concerns about pharmacist-provided HPV vaccinations and inform state policies aimed at expanding access to vaccinations while preserving the integrity of the medical home.
Materials and Methods

Data sources and procedures
Data came from two separate surveys: The Physician Communication about HPV Vaccination Study (physician study) and the Adolescent Vaccination in Pharmacy Study (parent study). The institutional review board at the University of North Carolina at Chapel Hill approved both study protocols, and all participants provided informed consent. More detailed descriptions of survey protocols are published elsewhere (18) and are briefly described here.
Physician study. The physician study was an online survey of U.S. pediatricians and family medicine physicians conducted in 2014. Participants were members of an existing national panel of physicians maintained by a survey company (https://www. askpcn.com/index.php?id¼883). Eligible panel members were practicing pediatricians or family medicine physicians who provided vaccinations to adolescents ages 11 to 12. We emphasized these two medical specialties because most of HPV vaccine doses in the United States are given in the context of these two specialties (19) . The survey company sent email invitations to 2,368 pediatricians and family medicine doctors. Of these, 1,022 physicians responded by accessing the survey site and providing informed consent. Of these, 776 (76%) met eligibility criteria and completed the survey. The unadjusted response rate was 33% (776/2,368); we were unable to assess the eligibility for all physicians contacted (ineligible physicians vs. eligible physicians who did not respond), and thus unable to calculate response rates for online probability panels using the American Association for Public Opinion Research definitions (18) . The survey was cognitively tested among a convenience sample of nine physicians to ensure the clarity of survey items, and pretested with 60 physicians from the national panel. Physician characteristics are found in Table 1 . Survey instruments for physician and parent studies are available online at http://www.unc.edu/~ntbrewer/hpv.htm.
Parent study. The parent study was an online, cross-sectional survey of U.S. parents of adolescents conducted from 2014 to 2015. Study participants were members of an existing, national panel of noninstitutionalized adults maintained by a survey company (http://www.gfk.com/products-a-z/us/knowledgepa nel-united-states/). The national panel was created through probability-based sampling of U.S. households using a combination of random-digit dialing and address-based sampling frames. Eligible respondents were parents of at least one child ages 11 to 17 who lived with them at least half of the time. Parents answered survey items about one child in their households who they identified at the beginning of the survey. The survey company randomly contacted 2,845 parents from a panel composed of members from all 50 states and the District of Columbia. About 14% (n ¼ 391) of invited panelists were not eligible to complete the survey. Of the 2,454 eligible parents, 1,518 completed some portion of the survey. After we excluded 14 panelists who did not complete at least two thirds of the survey, our final analytic sample contained 1,504 parents. The overall response rate was 61% using American Association for Public Opinion Research response rate five calculation (20) . The survey was cognitively tested among a convenience sample of 18 parents of adolescents ages 11 to 17 and pretested with 26 parents from the national panel. Parent characteristics are found in Table 1 .
Physician study measures
Outcome. To introduce pharmacist-provided HPV vaccination for adolescents ages 13 to 17, the survey prompted physicians:
Many pharmacists are trained to give vaccines. The training covers how to screen patients for vaccine eligibility, educate them, and monitor for side effects. Forty-five states allow these specially trained pharmacists to give the HPV vaccine. These laws often apply to 13-to 17-yearolds who are past due for the HPV vaccine.
The survey then assessed support for pharmacist-provided HPV vaccination by asking how much physicians agreed or disagreed with the statement: "It benefits 13-17-year-olds who are past due for the HPV vaccine to receive it from specially trained pharmacists" [item one, "strongly disagree" (1) to "strongly agree" (5)]. Any physicians who disagreed or neither agreed or disagreed received a follow-up question assessing what stipulations needed to be made for them to endorse pharmacist-provided HPV vaccination (item two): (1) report doses back to primary care provider; (2) refer adolescent back to primary care provider for other services; (3) enter HPV vaccine doses into a registry; (4) have proper training in vaccination and monitoring side effects; (5) create a vaccination protocol with physicians; (6) give only second and third doses; (7) other; or (8) would not endorse.
We created the dichotomous outcome variable of endorsement of pharmacist-provided HPV vaccination based on the previous two survey items. Physicians who agreed with pharmacist-provided HPV vaccination for adolescents past due (from item one) or would allow provision if "pharmacists have proper training in administering vaccines and monitoring for side effects" (from item two) were coded as "1," endorsing the provision. All other physicians were coded as "0," not endorsing the provision. We included physicians who selected the "proper training" condition in survey item two as supporting pharmacist-provided HPV vaccination because pharmacy practice laws in all 50 states and Washington, DC, require standardized vaccination training for pharmacists who immunize.
Covariates. The survey assessed physician support of HPV vaccine school entry requirements for 11-and 12-year-olds ["strongly disagree" (1) to "strongly agree" (5)], and physicians' perceived benefits and concerns of pharmacist-provided HPV vaccination with two check-all-that-apply items. For sociodemographic characteristics, the survey assessed physicians' sex, medical specialty, years in practice since residency, number of adolescent patients they see in a typical week, and percentage of vaccine doses delivered through the Vaccines for Children (VFC) program. VFC is a federally funded program that provides free vaccines to vulnerable populations, including uninsured and Medicaid-eligible youth (https://www.cdc. gov/vaccines/programs/vfc/index.html). For clinical practice characteristics, physicians indicated their practice type [private practice vs. other, defined as a federally qualified health center (FQHC), hospital-based clinic, public health departmentoperated clinic, or military clinic], the total number of physicians in the clinic, whether the clinic regularly stocks HPV vaccine, and the state in which the clinic is located categorized into national regions using U.S. Census classifications (https:// www.census.gov/geo/reference/terms.html).
Parent study measures
Outcome. The survey asked parents the same two survey items from the physician study about endorsing pharmacist-provided HPV vaccination for adolescents who were past due. We created the dichotomous outcome variable of endorsement of pharmacist-provided HPV vaccination using the same coding method from the physician study.
Covariates. The survey assessed parents' overall satisfaction with the health services received at the pharmacy where they usually get their child's prescription medications ["completely dissatisfied" (1) to "completely satisfied" (7)]. Parents also answered six questions about immunizing pharmacists' competence in vaccination: two items assessed pharmacists' ability to counsel about vaccinations; two items assessed pharmacists' ability to administer vaccines safely; and the last two items assessed pharmacists' ability to manage potential minor and major side effects from vaccination. To create a scale for parental belief about pharmacists' competence in vaccination, we averaged responses to the six questions. Additionally, the survey assessed parents' beliefs in care coordination and health care utilization. The survey first assessed whether they believed immunizing pharmacists routinely report administered vaccine doses to adolescents' doctors or health care providers. The survey then asked if parents would still go to their child's doctor just as often if their child received a vaccine from an immunizing pharmacist. The survey also asked if parents believed getting their child vaccinated from an immunizing pharmacist gave their child more opportunities to get care in addition to their child's doctor's care. We averaged responses to these three questions to assess overall care coordination and health care utilization beliefs. Finally, parents responded to four items assessing their confidence in vaccines using a validated scale (21) . All items had a five-point response scales ranging from "strongly disagree" (1) to "strongly agree" (5).
The survey company provided parent and household demographic characteristics including parent sex, age, race and ethnicity, education, household income, urbanicity ("nonmetropolitan statistical area" or "metropolitan statistical area"), and U.S. region of residence. For demographic and health characteristics for the parent's index child (reported by the parent), the survey assessed sex, age, HPV vaccinations status ("0 doses" or "1 dose"), and previous use of an alternative vaccination setting (defined as the child previously vaccinated at a pharmacy, school, or health department).
Statistical analysis
First, we used descriptive statistics to identify parent and physician endorsement of pharmacist-provided HPV vaccination for adolescents ages 13 to 17 who were past due for HPV vaccination by looking at unconditional endorsement (item one) and conditional endorsement (item two). We used logistic regression to identify bivariate correlates of endorsement for pharmacist-provided vaccination using the dichotomous outcome variable of endorsement. We included statistically significant bivariate correlates in two separate multivariable logistic models for physicians and parents. Finally, we conducted proportions tests to evaluate any differences between pediatrician and family medicine physicians' perceived benefits and concerns of pharmacist-provided HPV vaccinations. We conducted our analyses using Stata Version 13.1. Statistical tests were two-tailed with a critical a of 0.05.
Results
Endorsement of pharmacist-provided HPV vaccination
Thirty-nine percent of physicians (303/776) and 29% of parents (436/1,504) would unconditionally endorse pharmacistsprovided HPV vaccination for adolescents who are past due (Fig. 1) . Another 25% of physicians (194/776) and 46% of parents (692/1,504) would support the provision if pharmacists had proper training in vaccination and monitoring for side effects. An additional 15% of physicians (116/776) and 6% of parents (90/1,504) would support the provision if pharmacists reported administered vaccine doses to, and made referrals for adolescents to get other health care services from their PCPs. In total, 79% of physicians (613/776) and 81% of parents (1,218/1,504) would support pharmacist-provided HPV vaccination for adolescents who are past due when accounting for these conditions for endorsement. Proportion of physicians and parents who made endorsements based on the different conditions is found in Supplementary Table S1 .
Physicians' perceived benefits and concerns of pharmacistprovided HPV vaccination
More family medicine physicians reported benefits of pharmacist-provided HPV vaccine than pediatricians (Table  2) . Notably, the majority of family medicine physicians (60%) thought that pharmacist-provided HPV vaccinations created more opportunities to vaccinate adolescents compared with half of pediatricians (50%, p < 0.001). While the other benefits had lower levels of endorsements by both medical specialties, more family medicine physicians endorsed all other benefits compared with pediatricians (all p < 0.05), including providing opportunities to refer patients who have missed a well visit to primary care clinics (35% vs. 24%) and helping physicians meet vaccination coverage and quality guidelines (34% vs. 23%). Fewer family medicine physicians reported not seeing benefits to pharmacist-provided HPV vaccination compared with pediatricians (23% vs. 37%, p < 0.001).
More pediatricians reported concerns with pharmacistprovided HPV vaccinations than family medicine physicians ( Table 2) . Pediatricians were chiefly concerned with pharmacists not reporting administered doses to a primary care provider compared with a little over half of family medicine physicians (72% vs. 54%; p < 0.001). A larger proportion of pediatricians marked more concerns than family medicine physicians (all p < 0.05), particularly with reducing primary care providers' opportunities to screen adolescents for other health issues (65% vs. 45%) and not monitoring patients for post vaccination side effects (54% vs. 45%). Finally, a larger proportion of family medicine physicians reported no concerns with pharmacist-provided HPV vaccination compared with pediatricians (21% vs. 6%; p < 0.001).
Correlates of support for trained pharmacists providing HPV vaccination
Among providers (Table 3) , family medicine physicians were more likely than pediatricians to support trained pharmacists providing HPV vaccination [adjusted odds ratio (OR) ¼ 1.62; 95% confidence interval (CI), 1.17-2.22; 
Discussion
While prior studies have documented parents' attitudes of pharmacy-located vaccination for adolescents, this is the first study, to our knowledge, that surveys national samples of physicians and parents on their perceptions of pharmacist-provided HPV vaccination and quantitatively evaluates endorsement for this provision across several key domains for acceptance. We found that most physicians and parents would support pharmacist-provided HPV vaccination for adolescents who are past due for vaccination given a few stipulations. These considerations fall generally into two categories and should be addressed when proposing pharmacists' expanded role in HPV vaccination: (i) physicians and parents are not aware of the vaccination training pharmacists receive; and (ii) physician and parents expect a certain level of care coordination between pharmacists and primary care providers.
Physicians and parents' support for pharmacists-provided HPV vaccination for adolescents who are past due dramatically increased when accounting for those who would support provision as long as pharmacists were properly trained in vaccination and monitoring for side effects. Of note, more physicians than parents endorsed pharmacists-provided HPV vaccination at baseline, and a smaller proportion of physicians than parents stipulated proper vaccination training as a condition for their endorsement. This discrepancy may be driven by PCPs having greater understanding of pharmacist scope of practice. The perception that pharmacists may not be adequately trained immunizers, leading to lower endorsement of pharmacist-provided HPV vaccination, could be due to public image of pharmacists' primary role in medication dispensing and counseling. A recent qualitative study of parents cited the most frequently expressed barrier and concern about using community pharmacies for HPV vaccination for adolescents was apprehension of pharmacists' clinical training in vaccination (22) . Moreover, a national survey of parents found that 70% did not know if pharmacists could vaccinate adolescents as young as 11 at the pharmacy they typically use for their children's prescription medications, and living in a state that allowed pharmacists to vaccinate adolescents with HPV vaccine was not associated with increased awareness among parents (11) . By extension, this is reflected in our regression analysis, where parents who had previously vaccinated their children in alternative settings, or had greater agreement about pharmacists' competence in vaccination practice, were more likely to endorse pharmacist-provided HPV vaccination. Organizations and businesses that advocate for pharmacy practice may see an increase in support of pharmacy-located vaccinations among physicians and the general public if greater awareness was brought to vaccination-training requirements for pharmacists. Pharmacists' vaccination training is unique from other health professionals in two ways. First, the Accreditation Council for Pharmacy Education requires all schools and colleges of pharmacy to incorporate immunization training in their curricula (23) . Second, pharmacists are required by law in all 50 states to have vaccination training in order to give immunizations. All U.S. states recognize the American Pharmacists Association Pharmacy-Based Immunization Certificate Training Program, which is based on national standards for immunization training set by the CDC, and includes education in immunology and vaccine development, vaccine-preventable disease, patient care considerations, handson assessment of intramuscular and subcutaneous injections, Basic Life Support certification, and operating an immunization program (24) . Once pharmacists' vaccination training was accounted for stakeholder endorsement, physicians and parents both stipulated care coordination as a necessary condition for their endorsement of pharmacist-provided HPV vaccination. Similar findings in other studies showed that many parents are concerned about dose reporting to their children's primary care providers when receiving vaccines in nontraditional settings (11, 22, 25) . Interestingly, more physicians than parents required vaccine dose reporting and referrals for adolescents for other health services for their support. This difference is likely a reflection of physicians being keenly aware of the importance of complete, up-to-date information on their patients and of ensuring they receive recommended vaccines in a timely manner as part of comprehensive medical care. Additionally, many physicians stipulated adolescent referrals for other medical services, echoing medical organizations' concerns for preventing fragmented medical care (26) . As such, pharmacies that offer vaccination services should take steps to reliably and accurately report vaccine doses and ensure that adolescents are referred back to their providers for health care services when those needs are identified. An additional step to preserve continuity of care is to adopt widespread use of state immunization information systems to standardize dose reporting, facilitate vaccination management and accountability, and help providers identify missed opportunities for vaccinations (27) .
Finally, physicians demonstrated differences in attitudes toward pharmacist-provided HPV vaccination for adolescents past due that justify further investigation. Family medicine doctors ascribed more benefits and fewer concerns for pharmacist-provided HPV vaccination compared with pediatricians. This distinction also appeared in regression analysis, where family medicine doctors more often endorsed pharmacist provision than pediatricians. One explanation is that family medicine doctors routinely see adults along with children, and thus have greater interactions with pharmacists by virtue of a higher likelihood of prescribing medications to adults for acute and chronic conditions compared with children. Additionally, family medicine physicians may be more amenable to pharmacists providing HPV vaccination to adolescents as they likely interacted with adult patients who have used pharmacy-based vaccination (15) . Physicians practicing in Western states were also more likely to endorse pharmacistprovided HPV vaccination compared with those practicing in Northeastern states. This may be due to relatively more progressive medical practices among physicians and the expanded scope of practice pharmacists have in Western states (10) . Future research on pharmacy-located vaccination could attempt to disentangle why family medicine doctors look more favorably on pharmacist-provided HPV vaccination, and how pharmacy practice in the West has garnered wider support among PCPs.
Our study has notable strengths, including the use of two large national samples of PCPs and parents of adolescents. Our study also fills an important gap in the literature, as little is known about how to increase these two key stakeholders' support for pharmacist involvement in adolescent preventive services like HPV vaccination. Our study is limited by a crosssectional design that prevents us from assessing the temporal relationship among variables. We also achieved a modest cooperation rate for the physician survey, which is a common challenge for physician surveys (28) and may limit the representativeness of our surveyed physicians. In addition, the interpretations of our findings should be limited in lieu of the fact that we did not survey community pharmacists who may express additional considerations that would increase their provision of HPV vaccine, including insurance coverage of vaccination and having appropriate space to immunize (29) . We also cannot presume that physician and parent support of expanded pharmacist vaccination practice will translate into actual use of these pharmacy-located services.
Conclusion
Pharmacists' vaccination authority has expanded since the 1990s, when U.S. states passed the first pharmacy practice immunization laws (30, 31) . In particular, the changes to pharmacy practice immunization laws over the past two decades have tended to allow pharmacists to administer more ACIP-recommended vaccines to younger patients with less restrictive oversight (30) . This expanded vaccination practice, coupled with the high accessibility of pharmacists within communities, has led to several studies pointing to higher vaccination rates for patients when pharmacists are involved with the immunization process compared with conditions where there were no pharmacists involved (32, 33) . As such, federal panels' recommendations to include pharmacists in strategies to address low HPV vaccine uptake for U.S. adolescents are both timely and meaningful (5, 6) . Feedback and buy-in from key stakeholders is important to help guide the foreseeable expansion of HPV vaccination in pharmacies and increase program utility to those involved in the vaccination process.
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